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® Immobilized Interleuldn 2 and Interleukin 2 containing a carboxyl-tennlnal extensloa 



3® Biologically active forms of human IL2 which differ from natural IL2 by the addition of amino add residues at 
the carboxyl terminus are prepared by recombinant DNA techniques and can be chemically derivatlzed without 
elimination of biological activity. IL2 can be immobilized on a solid support In a biologically active conformation 
^and used for binding of cells bearing IL2 receptors and for generation of lymphoWne activated killer (LAK) cells. 
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IMMOBIUZED INTERLEUKIN 2 AND INTERLEUWN 2 CONTAINING A CARBOXYL-TERMINAL EXTENSION 



Field of the Invention 



The present invention concerns proteins derived by molecular cloning and microbial expression. In 
particijlar. the invention relates to the production in E. coli of altered, biologically active forms of human 
interleukin 2 {IL2) that differ in sequence from natural IL2 by the addition of amino acid residues at the 
carboxyl terminus of the protein. The Invention also relates to biologically functional 1L2 immobilized on a 
solid support 



Background of the Invention 



75 Interleukin 2 (IL2) is a protein seaeted by lymphocytes and belongs to the class of immune modulating 
substances called lymphokines. IL2 was first described as T-cell growth factor (TCGF). a lymphokine 
capable of promoting the proliferation of T lymphocytes (fwiorgan et al. (1976) Science 193 . 1007-1008; 
Ruscetti et al. (1977) U. Immunol. 119 , 13M38). IL2 has been shown to modulate many other im- 
munological effects on lymphoid colls including cytotoxic T-celte. natural killer ceils, activated B-cells, and 

20 lymphokine activated killer (UK) cells (Robb (1984) Immunol. Today 5. 203 and references therein). IL2 is 
used to generate LAK cells that kill fresh tumor cells but not normal cells (Grimm et aL (1982) JL Med. 
155, 1823-1841; Mazumder et al. (1984) J. Exp. Med. 159, 495-507). Recently, treatment of cancer patients 
by"admlnlstration of IL2 and autotogoiis ceils has demonstrated the potential use of IL2 as an 
immunotherapeutic agent (Rosenberg et al. (1985) N. Eng. J. Med. 313 , 1485-1492), 

25 Cellular IL2 receptors (IL2-R) with botii high and low Tffinity for \12 (Robb et ai. (1984) J. Bg. Med. 
160, 1126-1146), as well as soluble receptors elaborated by activated lymphocytes (Rubin et ai. (1985) J. 
Immunol. 135. 3172-3177), have been described. The predominant low affinity form of the receptor consists 
of an approximately 55 kOa protein termed Tac, whereas the high affinity form consists of Tac and one or 
more additional components (Neeper et ai. (1987) J. Immunol. 138, 3532-3538 and references therein). The 

30 high affinity form of the IL2-R includes an IL2-btnding subunit of 75 kOa molecular weight (Sharo et al. 
(1986) Science 234. 859-863). Both ttie TCGF and i^K cell activation signals delivered by IL2 are thought 
to be mediated by the ll-2-R. Soluble IL2 is intemalized by responding cells, and apparently this is done by 
the high affinity IL2-R (Welssman et al. (1986) Proc.Nati. Acad. Sci. 83, 1463-1466; Fuji! et ai. (1986) J. Exp. 
Med. 163. 550-562). However, it is not clear from the prior art whether IL2 internalization Is necessary for 

35 delivering the cellular stimulus for either growth or activation. 

It is of interest to examine the biological properties of immobilized IL2 for possible use in, for example, 
the affinity isolation of. lymphocytes bearing the IL2-R and in the production of LAK cells. The conjugation of 
IL2 and other lymphokines to soluble polymers and insoluble surfaces has be en re ported In Beecham 
patent application EP 183503, Asahl patent appUcations JP 61280432 and JP 81277628, and Kanegafuchi 

40 Chem patent application JP 62164470. The Asahl applications, which were published after this Invention 
was made, disclose the generation of LAK cells using Immobilized lectin or protein A as primary stimulant 
and Immobilized IL2 as secondary stimulant Immobilization of IU2 for the purpose of selectively and 
specifically affinity-precipitating the IL2-R has also been previously reported (Robb and Greene (1983) J. 
Exp. Med. 158, 1332-1337: Takeda patent JP 61053300). Earty attempts to chemically modify \12 by 

46 iodSation (Robb (1982) Immunoblol. 161 , 21-50) and using other conventional reagents generally led to toss 
of biological actiWty, aittwogh more recentiy some successful derivatizations have been reported (Robb et 
al. (1985) J. Immunol. Meth. 81^, 15-30; Hatakeyama et al. (1885) Nature 318. 467-470; Katre et al. (1987) 
Proc. Nat lScad Sd. ^71487-1 491). r4evertheiess. it Is dear that 1L2 Is susceptible to Inactivation by 
chemical modification. 

60 Neeper et aL (1887) J, Immunol. 138, 3532-3538, which was published after this Invention was made, 
discloses coupling IL2 to'§epharose 4B beads and use of the Immobilized 11-2 to affinity precipitate IL2-R. 
Neeper et al. describes the IL2 as a specKically engineered form containing a 14 amino acid t-termlnal 
extension Including several lysine residues, and having nonnai In vitro biotoglc activity and receptor affinity. 
The C-termlnal extended IL2 used by Neeper et al. was the L-IL2 of this Invention which Is descril)ed 
herelnbelow. Neeper et al. obtained L-IL2 and the description of It from the present Inventors. Neeper et al. 
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does not teach how to make L-iL2 or any utility for tt other than affinity precipitation of IL2-R. 

Prior to this invention, it was not known whether IL2 could be immobilized on a solid support and stili 
retain its biological activity. It was anticipated that immobilized IL2 might be inactive because, unlike soluble 
IL2, it could not be int mallzed by target cells, tt was also known that chemical derivatization required for 

5 immobilization couid alter protein conformation and result In loss of activity. 

Molecular cloning of the human IL2 cDNA (Tanlguchi et al. (1983) Nature 302 . 305-310; Deves et al. 
(1983) Nucleic Acids Res. 11 4307-4323) has allowed determination of the primary sequence structure of 
IL2 and the productiorrof"Targe amounts of biologically functional IL2 using heterologous expression 
systems, including E. coli systems (Ju et al. (1987) J. Biol. Chem. 282 5723-5731 and references therein). 

10 Molecular cloning procedures have been used to produce structurally altered forms of 1L2 with substitutions 
and deletions of amino acid residues (Ju et al. op. dt and references therein). By examining the effects of 
these structural alterations on the function of iL2. regions of the IL2 protein important for Its function have 
been identified. Biologically functional lL2-derived proteins containing additional amino acid residues at the 
N-terminus of IL2 have also been reported (Takeda patent GP 1058198: Murphy patent WO 88/0090; 

75 Sandoz patent EP 0163603). The production and functional characterization of IL2-derived proteins contain- 
ing additional amino add residues at the C-terminus has not been previously reported. Patent applications 
assigned to Hoechst (DE 3.419.995) and Amgen (WO 85/00817) claim altered fonms of IL2 proteins 
containing additional unspecified amino acid residues at the C-termlnus of IL2. However, examples of such 
altered forms of IL2 are not disclosed. Indeed, previous references show that small deletions or substitu- 

20 tions at the C-terniinus of 11^ result in loss of functional activity (Ju et al. op. dt; Liang et al. (1986) J. Bloi. 
Chem. 261, 334-337). 

The present invention provides structurally altered biok)gicaily functional forms of 1L2 containing 
additional amino add residues at the O-termlnus. In one embodiment of the invention, IL2 is spedficalty 
engineered to contain a 14-amino add extension at the Oterminus. This 14-amino add extension fadlltates 
25 the solubilization, derivatization. and immobilization of the protein in an active confomnation. 



Summary of the Invention 

30 

The invention provides biologically functional IL2-derived proteins that differ from natural IL2 by the 
addition of amino add residues at the C-terminus. These functtonal altered forms of 1L2 are obtained by 
molecular cloning and expression in E. coll. In one embodiment of the invention. IL2 was engineered to 
contain a 14-amino add. lysine-rich extension at the Oterminus, This modified form of IL2 is designated L- 

35 1L2. L-iU2 differs from natural human IL2 in ttiat the two C-terminal residues (Leu-Thr) are replaced with: 
Qly-Thr-(Gly)3- (Lys-Lys-Asp)3-Leu-Glu. 

The sequence of the C-tennlnal extension of IL2 in L-IL2 was selected in order increase its polarity to 
fadlltate solubilization of the protein, and to fadlitate the derivatization and Immobilization of the protein In a 
biologically active fonn. The finding that L*IL2 retains full biological activity indicates that lt.2 can be 

40 coupled in a biologically active confomnation to other functional groups, polypeptide sequences, or solid 
supports at Its C-termlnus. 

The invention also provides procedures for Imnnoblllzlng IL2 or derivath/es of 1L2, such as L-IL2, to a 
solid support In a conformation that binds to the IL2-R and is active in stimulating T cell proliferation, 
enhancing natural killer (NK) cell activity and generating LAK cells. Functional, Immobilized 112 Is useful In 

45 selection and purification of subsets of lymphoid cells bearing IL2-R and as primary, secondary or sole 
stimulant In generation of LAK cells. Functional, Immobilized IL2 can be used In any devices and therapies 
that Involve IL2-mediated biological effects. 



50 Detailed Description of the Invention 



Several derivatives of IL2 have been produced In E coll using molecular cloning procedures. In human 
cells, human IL2 is expressed as a precursor protein thatls proteolytlcally deaved to produce the mature 
55 biologically functional form of IL2 (Tanlguchi et al., op. dt; Robb et al. (1983) Proc. Natl. Acad. Sd. 80. 
5990-5994). This form of human cell-expressed IL2, designated mature IL2, has arm-terminal Ala resi£ie 
and is 133 amino add residues In length. The amino add residues and corresponding codons of mature IL2 
are here designated throughout as amino acid 1 to amino add 133. For example, amino add 1 In natural 
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mature human IL2 is an Ala residue. The E coli xpression vector, and the designation and the structure of 
the IL2-derived prot in encoded by the E. ^ expression vector are indicated below in Table 1. Th IL2 
derivatives expressed in E. coli contain an N-terminal Met initialiy following translation: howev r, this Met 
residue may be subsequentiyTroteolytically removed in E. coll by methionine amino peptidases. N-terminai 
sequencing of purified r-lL2 has shown that the N-terminaJ Met is removed in approximately 50% of the 
molecules purified from E. coli. It is probable that N-Met is removed from approximately th same 
percentage of other E. coll expressed IL2 derived molecules, including t-IL2, fl-lL2 and L-IL2 (Table 1 and 
Example 1). The percentage removed can be increased, if desired, by treatment with methionine amino 
peptidases following isolation and purification. 

TABLE 1 



75 



20 



Plastnid Protein 



pTrpE- 1L2 T'lLZ HAP 



pTrpCt 



t-IL2 MAP 



pTrpCfl fl-lL2 MAP 



Protein aequenee 
117 133 

. . . FLHRWITFCQSIISTLT 

F 

FUmwiTFCQSIlSTCT 



148 



25 



pTrpOc 



L-IL2 MAP 



FLHRWlTFCQSXISTGTGGGIOaCDKJCDKKDLE 



Mature. 

hmnan IL2 AP FLHRWITFCQSIISTLT 

30 1 133 



The molecular cloning and E. coli expression procedure are detailed in Example 1 and Example 2. The 
14 amino acid C-lerminal extension of IL2 In L-IU. (Glyh-iLys-Lys-Asph-Leu-Glu. was specifically designed 
to facilitate the solubilization and derivatization of the protein. Protein derivatizations often employ the 
epsilon amino group of lysines. Since covaient attachment of internal lysines to functional groups or solid 
supports might sterically block subsequent Interaction between IL2 and its cellular receptor and thereby 
interfere with 1L2 function, a modified IL2 molecule was designed to contain a lysine^ch hydrophllic 
segment to provide a chemically accessible derivatization site. The modification was placed at the C- 

^ temiinus. The Asp residues were interspersed to provide added hydrophilidty and thereby enhance the 
solubility of the protein in aqueous solution. The Qly residues serve as a spacer between IL2 and the Lys- 
rich segment of ttie extension. The Lau-Glu group arises from the nucleotide sequence selected to provide 
a restriction endonuclease poiol) cleavage site. 

L-IL2 retains ttie full biologicai activities of natural IL2; L-IL2 supports tiie proliferation of T-cells. 

^ augments NK cell activity and Induces LAK cell activity. This finding is the first demonstration tiiat amin 
acid residues can be added to tiie C-termlnus of IL2 without loss of IL2 bloactivlty. The E. coli-expressed L- 
IL2 protein possesses various predicted biochemical properties. Its apparent molecutar weight is slightiy 
larger than that of IL2, Its Isoelectric point Is considerably more basic than 1L2 and its hydrophillcity Is 
enhanced. 

^ It is readily possible to derivatize L-lt2 with the amine-reactive blotinylating reagent biotin-SP-NHS 
(Jackson Immune Research). The blotin derivatization affords tiie meana to tightiy bind \IZ to avtdin or 
streptavldln (Green (1975) Adv. Prot Ctiem. ^, 85-133). Blotinylated IL2 Is blfunctional In that It is capable 
of binding ttie cellular tL2*R and also streptavidln, whether the latter is In solution or attached to a solid 
surface. Immobilized L-IL2 can Immunopreclpltata the Tac IL2-R from cell lysatoa (Neeper et ai., op. dt). 
Moreover, It was discovered that streptavidin-mediated Immobilized blotinylated L-IL2 retains M ability to 
bind IL2-R-bearing cells, to Induce proliferation and growth of T cells, and to Induce LAK cell activity. This 
Is ti^e first demonstration tiiat IL2 can be immobilized and retain Its biological activity Including the ability to 
generate LAK cells. 
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Utilizing standard molecular cloning and expression procedures as described below. IL2 having a C- 
terminal peptide xtension of any desired length, from on to 100 or more amino acid residues, and with 
any desired amino acid content and sequence, can be produced. Based on the finding that L-H-2 is 
biologically functional. It Is expected that many other such C-terminal extended IL2 derived molecules will 

5 also be biologically functional. It is preferred that the extension be at least about 5 amino acid residues in 
length, and that the amino acids be selected so that the extension will impart to the molecule some desired 
characteristic, such as reactivity, hydrophilicity, or antigenicity. For derivatization of the molecule, i.e., 
attachment of functional group or solid support a C-terminal extension containing at least about 10 mole 
percent of one or more easily derivatized amino acid residues, such as Lys. Asp. Glu, Met. Ser, Tyr, Thr 

70 and Trp. is desirable: Cys can be present but is less desirable because of potential disulfide bond 
formation. Preferably, for derivatization. the extension contains at least 2 Lys residues. It is preferred that 2 
Lys residues in the extension be adjacent one another and be separated from the carboxyl terminal of the 
IL2 segment by about 3 or more spacer residues such as Gly. It is most prefen^ed that the extension 
contain at least 4 Lys residues and that Lys constitute at least 20 mol percent of the extension. For 

rs improving the hydrophilicity and solubility of the molecule, an extension containing one or more Asp or Glu 
residues Is desirable. Extension can contain other amino acid residues. Including Ala. Val. Leu. lie, Pro. Phe. 
Gly, Tyr, Asp, Arg. His and Gin. 

The IL2 portion contains substantially the amino add sequence of human, native IL2. It can be identical 
in amino acid content and sequence to native, human IL2, or it can be an IL2 mutein such as tiie fWL2 

20 exemplified herein and the muteins described In Ju et al. (1987) J. BloL Chem. 262 5723-5731 and 
references cited therein, and In Martc et al., U.S. Patent 4,518,584, the" disclosure of which is incorporated 
herein by reference. 

Using procedures of this invention. IL2 can be fused via its C-termlnus with polypeptide domains that 
enhance serum retention, reduce toxicity, or reduce immunogenidty. IL2 can also be fused via Hs C- 

25 terminus to polypeptide domains such as tiiose derived from albumin, transfenin. beta 2 microglobulin, or 
immunoglobulin recognlzfng a specific cell maricer, to fadlitate targeting of ttie lL2-dertved hybrid molecule 
to specific cells or organs. The inaease in molecular size of IL2 by fusion of polypeptide domains at its O 
terminus may reduce renal excretion and enhance serum retention time, ttiereby redudng the effective 
therapeutic dose and associated toxidty. The C-tenminal extension of IL2 can fadlitate the chemical 

30 derivatization of tfie molecule in a biologically active state. Derivatization may indude tiie conjugation of IL2 
to metal chelating agents for binding of metal radioisotopes or tiie conjugation of IL2 to photoreactive cross- 
linking reagents for use In immobilization of IL2 and attachment of IL2 to carrier proteins or cells or 
particles. IL2 can be fused at its C-terminus to a peptide epitope to fadlitate purification and immobilization 
of the IL2-derived fusion protein using an antibody tiiat recognizes tiie epitope. Alternatively, a hapten or 

js any other moiety can be chemically derivatized or coupled at ttw C-terminus of IL2. IL2 can be fused at ttie 
Oterminus to a cytotoxic moiety, such as Pseudomonas toxin, and used to selectively kill IL2-R-bearing 
cells. 

The present demonstration that IL2 can be immobilized on a solid support while retaining its ability to 
generate LAK cells has important applications. Immobilized IL2 Is useful for the ex-vivo capture of activated 

40 IL2-R-bearing lymphocytes for isolation, furttier activation, numeric expansion and ttierapeutic reinfusion in 
patients with cancer, immunodefidency diseases, and other diseases. Immobilized 1L2 can be used tor the 
on-line adsorption of IL2-receptor8 found in solution such as In tiie blood or lymphatic system of patients. 
This procedure may aid In the reduction of toxic doses of iL2 used In tiierapy of patients wftii cancer or 
immunodefident conditions. Immobilized IL2 is useful for the on-line activation of blood or lymph cells for 

45 improved therapy of cancer. Immunodeficiency diseases, and other diseases. Immobilized IL2 may also be 
used In immunoassays for the detection and quantitation of IL2-receptors, anti-lL2 antibodies and tL2- 
bearing cells or proteins. 

Numerous methods are known for attaching polypeptides containing reactive amino add residues to 
sofld supports. See Affinity Chromatography and Related Techniques, edited by T.C J. Qribnau. J. Vissar, 

60 R.J.F. Nirard (1S82) Bsevier Scientific Publishing, NY, Chapter II, "Polynwric Matrices and Ugand 
Immobilization," pp. 113-245. Any one of these conventional mettwds can be used to imnwbillze the 
polypeptides of this Invention which have a C-termlnal extension containing reactive amino add residues, to 
provide Immobilized polypeptides which have ttie ability to bind tL2-R. stimulate T cell growtti and 
proliferation, and generate LAK cells. The linkage between the solid support and tiie IL2 can be covalent 

55 and can be direct or Indirect U.. through a homobifunctional or heterobtfunctional cross-linker agent The 
covalent linkage can be to the IL2 derived polypeptide, or to an antibody spedflc for an epitope on the C- 
termlnal extension. A nwmber of an Immune or non-immune spedflc binding pair can be used for 
immobilization. e.g., an antibody, antigen, hapten or non-Immune binding substance can be covalentiy 
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attached to the solid support, a specific binding partner of the innmobillzod member can be covalently 
attached to the C-terminal extended IL2, and the affinity of the binding pair used to immobilize the 1L2 
molecule. The preferred method of immobilization is the use of biotin and avidin (or streptavidin) as 
described abov for immobilization of L-O. The preferred reagent for biotinylation is blotin-SP-NHS 
(Jackson Immune Research) which has the formula: 



Other biotinylating reagents, such as biotin-NHS (Pierce ChemlcaJ CSompany). which has the formula: 



can also be used. The reaction mole ratio of biotinylating agent to IL2 polypeptide wtth Otermlnai extension 
should be in the range of about 5 to 60. 

As iilustrated in the examples below, it has also been found that if r-IL2 (no C-terminai extension) is 
biotinylated using biotin-SP-NHS at a mole ratio of biotin to IL2 in the range of about 5 to 20, and 
immobilized on an avidin<oated support, the polypeptide retains the ability to bind tL2-R, stimulate 
proliferation of T cells, and generate LAK cells. This is a surprising finding, because prior attempts to 
biotinylate IL2 using biotin-NHS at .a higher mole ratio resulted in loss of biological activity. This finding 
indicates that any polypeptide having substantially the amino add sequence and biological activity of 
human IL2. regardless of whether it contains a reactive Oterminai extension, can be biotinylated using 
biotin-SP-NHS and immobilized on an avidin or streptavidin coated support, and the immobilized polypep- 
tide will retain the ability to bind II-2-R and generate lAK cells, provided the reaction mole ratio of biotin to 
IU2 is maintained in the range of about 5 to 20 for a polypeptide having no C-terminal extension or about 5 
to 60 for a polypeptide having a C-tenminal extension. 

As solid supports there can be used any of the conventional water-insoluble materials used in affinity 
chromatography and for analyte capture in Immunoassays. Preferred materials are organic polym ric 
beads, films, fibers, plates and tubes. Suitable polymers Include polystyrene, nylon. aminoaJkyI 
polyacrylamides, dextran cross-linked with eplchlorohydrin, allyl dextran cross-linked with N,N -nrwthyl n 
bisacrylamide, agarose cross-linked with 2,3-dibromopropanol, cellulose, and many others. Metallic par- 
ticles, especially magnetic particles, can also be used, such as the particies described in Hersh. U.S. Patent 
3,933,997. Rxrest et al, U.S. Patent 4.141.687 and l-au U.S. Patent 4,661.408. 

E.-cofi strain HB101 transfonmed with plasmid pTrpQk, encoding protein L-ll^ and described In 
Example 1. has been deposited under the Budapest Treaty with the American Typo Culture Collection 
(ATCC), Rockville. Maryland, and bears Deposit Accesston Number 67540. Upon issuance of a patent on 
this apptlcaHon, all restrictions on the availability of the deposttad material to the public will be irrevocably 
removed. 



The Invention Is further described by the following examples, wherein ail parts and percentages are by 
weight and degrees are Celsius. 





Examples 
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Example 1 



5 Plasmid Constructions 

Plasmid constructions were earned out using standard methodology as described by Maniatis et ai.. 
Molecular Cloning: A Laboratory Manual , Cold Spring Harbor Laboratory. NY (1982), the teaching of which 
is hereby Incorporated by reference. Enzymes and other reagents used for plasmid constructions were 

70 obtained from Bethesda Research Laboratories. Gaithersburg, MD or New England Blolabs, Beverly, MA. 
Methods for digesting, identifying, recovering, and purifying the various nucleotide sequences used in the 
invention are known to those skilled in the art as are methods for ligating the sequences into vectors, 
transforming host microorganism strains, cloning, and recovering products synthesized. Accordingly, the 
methods will only be described by reference to specific embodiments of the Invention set forth hereinafter. 

T5 Oligonucleotides were synthesized on an Applied Biosystems DNA synthesizer using procedures recom- 
mended by the supplier. 

Construction of Plasmid pTrpQt 

20 

Plasmid pTrpGt that expresses in E. coii a C*terminai-truncated IL2. designated t-iL2, was constructed 
as described below. The IL2 coding sequence was derived from a cONA library constructed from the 
gibbon T-cell line MLA-144 as described by Chen et al. (1985) Proa Natl. Acad. Sd. 82, 7284-7288). A 
clone from this cDNA library, designated A3e, was shown by standard DNA hybridization, restriction 

25 endonuclease mapping, and DNA sequence analysis methods to contain a DNA insert corresponding to an 
IL2 cDNA, Rg. 1 A shows A36 in a Ml 3 cloning vector. The N-terminai Ala of mature IL2 (Robb et ai. (1983) 
Proc. Natl. Acad. Sci. 80, 5990-5994) is here designated as amino acid (aa) 1. The mature form of 1L2 is 
T33"asrin length7^"shown in Figure 1A, in clone A36 there exists an EcoRi site at the codons 
corresponding to aa 1 1 6 and aa 1 1 7. 

30 The IL2 CDNA segment encoding aa 1 to aa 117 was inserted into an E coii plasmid expression vector 
using the procedure outlined schematicaity in Rgure 1. Clone A36 DNA was cut with HgiAi. the 3 single- 
stranded ends were removed to create blunt ends using T4 DNA polymerase, the DNA was cut with EcoRl. 
and the blunt-ended HgiAi to EcoRl DNA fragment containing the IL2 coding sequence was isolated (Rg. 
1A-1C). The blunt-ended HgiAi end was converted to a Hindlli end by ligation to an oligonucleotide 

35 designated oiigo-adaptor I (Rg. 1C) and the EcoRl end was converted to a BamHt end by ligation to an 
oligonucleotide designated oiigo-adapter 1 (Rg. 1C). Oligo-adaptor t provides an ATQ translation initiation 
codon 5' to iL2 codon 1 and oiigo-adapter II provides a TGA translation stop codon 3' to tI-2 codon 117. 
The resultant Hindili to BamHi IL2-containing DNA fragment (Rg. ID. IE) was subsequently llgated to the 
BamHI to Hindlli tryptophan (frp) promoter-containing fragment (Rg. 1Q) of plasmid, pKPQ36-trp (Rg. IF) 

40 (Ivanoff et al. (1986) Proc. Natl. Acad. Sd. 83. 5392-5396). Ptasmkl expression vector pKGP36-trp provides 
transcriptional control signals derived from the E. coR tryptophan operon, as well as translation initiation 
signals. The resultant plasmid, designated pTrpGt, expresses under ^ promoter control a C-terminal- 
deleted IL2-derived protein, designated t*IL2, corrBsponding to aa 1 to aa 117 of IL2. tt should be noted that 
t-lL2, as with each of the E. coli-expressed tL2-derived proteins described here, differs from authentic 1L2 

45 by the addition of an N-terminai Met residue in a portion of the molecules. 



Construction of Plasmid pTrpGf! 

50 In order to fadlltate subsequent molecular cloning steps, the Hindlli to EcoRl IL2-contalning fragment of 
pTrpQt was Insertad between the Hindlli and EcoRl sites of the high copy p6R322 derivative. pHC624 
(Boros et al. (1984) Gene 30. 257-260), to yield plasmid pHCGt An IL2 coding sequence closely 
corresponding to the full length mature IL2 coding sequence was reconstructed by ligating the large IL2- 
containing BamHI to EcoRl fragment of pHCQt to the folk>wing EcoRl to BamHI synthetic oligonucleotide: 

5S 
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117 

Phe Leu Asn Ars Trp lie Thr Phe Cys Gin 

5' IaA TT C CTG AAC ACA TGG ATT ACC TTT TCT CAA 

3' |G GAC TTG TCT ACC TAA TGG AAA ACA TT 



EcoRl 

133 

S«r lie lie Ser Thr Cly Thr *** 

ACC ATC ATC TCA ACA G^A^ TGA TAA CCC 3* 

TOG TAG TAG ACT TGT qCA TGG ACT ATT CGC CCC TAq 5* 

Kpnl BainHl 

The asterisks indicate a translation stop codon. The indicated oligonucleotide extends the iL2 coding 
sequence fronn codon 117 to codon 133. The resultant plasmid Is designated pHCGfl. The protein product 
corresponding to the IL2 coding sequence in pHCGfl (fl-IL2) differs from natural human or gibbon ape iL2 
only by the substitution of Leu at aa 132 with a Qly residue. Qly was substituted for Leu at aa position 132 
as a consequence of the Introduction of a Kpnl site at this position In the coding sequence. As descritjed 
below, this Kpnl site is used to engineer an extension at the C-terminus of the IL2 protein. The Hindlll to 
BamHI IL2-containlng fragment was then tigated to the BamHI to Hindlll tp promoter-containing fragment of 
pKGP36-trp, to yield pTrpQfi. The IL2-dertved product encoded and expressed by pTrpQfl is designated fl- 
IL2. 



Construction of Plasmid pTrpGk 



The following steps were used to construct plasmid pTrpGk. which encodes an IL2-derived protein 
differing from natural iL2 by the replacement of the C-terminai Leu-Thr residues by the sequence: 
Gly-Thr-Gly3-{Lys-Lys*Asp)3-Leu-Glu. 

This iL2 derivative with a Lys-rich 14 aa C-terminai extension is designated L-IL2. 

The Kpnl end of the Hindlll to Kpnl IL2-contalning fragment of pTrpGfl was ligated to the Kpnl to BamHI 
oligonucleotide shown below. 



3* (5a 





Gly 


Gly Gly 


Lys 


Lys 


Asp 


Lye 


Lys 


Ic 


GGA 


GGA GGT 


AAG 


AAG 


GAT 


AAG 


AAG 


TGG 


OCT 


CCT CCA 


TTC 


TTC 


CTA 


TTC 


TTC 



Kpnl 



Asp Lys Lys Asp Leu Glu 

GAT AAG AAG GAT CTC GAG TGA TAA CCC Gcj ^ 

CTA TTC TTC CTA GAG CTC ACT ATT GGG CCCTAq 

BamHI 



The resuttant Hindlll to BamHI DNA fragment was ligated between the Hindlll and BamHI sites of plasmid 
pHC624, to yield pHCQL Following confirmation of structure by ONA sequence analysis, the Hindlll to 
BamHI IL2-containlng fragment from pHCQL was ligated to the BamHI to Hindlll trp promoter<ontainlng 
fragment of pKQP3e-trp, to yield pTrpQk. 
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. Construction of pTrp-IL2 

A human IL2 cDNA was obtained from a cDNA library constructed using standard procedures (Gubler 
and Hoffman (1983) Gene 25, 263-287) from the human Jurl<at T-ce!l line. The double stranded cDNAs were 

5 tailed with dCTP and terrntnal nucleotidyl transferase and then annealed with the G-tailed pBR322. This 
forms a PstI site at each end of the cDNA. The Jurkat-derived cDNA library was screened by standard 
hybridization procedures using as probe an oligonucleotide con^esponding to a segment of the published 
human IL2 sequence (TanlguchI et al.. op. dt). One such pBR322-derived plasmid containing a human 1L2 
cDNA insert was isolated and designated pi H40, 

10 In order to express active mature IL2 at high levels In E. coli. the IL2 cDNA was edited to remove the 5 
DNA coding region for the signal sequence and the edited 1L2 cDNA was inserted Into an expression vector. 
Plasmid p1H40 was digested with Pstl. and the cDNA insert was purified. An HgiAl restriction site resides at 
the junction between the last amino acid of the signal sequence and the first amino add (Ala) of mature 
human IL2. The PStI fragment containing the IL2 cDNA was cleaved with HglAI. Since HglAI leaves a four 

IS base pair (bp) 3' overhang, the Klenow fragment of ONA polymerase was used to remove the four bases 
and leave a biunt end. This manipulation removed the Ala codon and left a blunt end beginning with COT. 
the codon for the second amino acid (Pro) of mature iI-2. 

In order to supply a translation initiation codon (ATG) as well as the codon for Ala. the fbliowing adapter 
oligonucleotide was synthesized: 

20 

Met Ala 
CGATi ftGCT T ATG GCT 
TATTCG*|a TAC CGA 
25 Hindi! 1 

This oligonucleotide provides an ATG initiation codon, the first codon of mature IL2 (GCT). as well as a 
Hindlll site preceding the ATG. The adapter molecule was ligated to the biunt ended-HglAI cONA fragment 

00 described above, and the ligated DNA was digested with Hindlll and Stul. The Hindlll to StuI 450 bp 
fragment was ligated to the 2325 bp Hindlll to Pvull fragment of pBR322 to yield pBRElL-2. 

The large IL2-containing Hindlll to PSII fragment from pBREIL-2 was ligated to the small frp promoter- 
containing fragment of pKGP36-trp to yield plasmid pTrpE*IL2, Plasmid pTrpE-IL2 expresses the mature 
form of human IL2 in E. coH under the transcriptional control of the bp operon promoter. The product of 

35 pTrpE-iL2 is designated r-lL2. E. coit*expressed mature IL2 (r-IL2) differs from human celhexpressed 
mature IL2 by the addition of an N-terminal Met residue. Approximately 50% of mature human IL2 
expressed In E. coli has the N-terminal Met residue specifically removed by the action of aminopeptidases 
in E. coli. The sequence of mature human IL2 expressed in E coll from pTrpE*IL2 Is Indicated In Table 1. 



40 



Example 2 



45 Expression In E coil and Purification of IL2-Perived Proteins 

As described atx>ve, E coll plasmid expression vectors containing the tryptophan promoter were 
derived from pKGP36-trp (Ivanoff et al^ op. dt). E ^ host strains MM294 and HB101. were used 
so (Mantatis et al.. Molecular Cloning: A Laboratory Manual. Cold Spring Hartxsr Laboratory, NY (1982)). 
Expression from the tryptophan promoTer was canied out as described (Ivanoff et al..op. dt). 

Each of the IL2«derived proteins. t-IL2, fi«IL2, and .L-IL2. accumulated to high level In E coli. 
rsfM'esenting approximately 5 to 10% of total E ran protein. (Breater than 95% of the IL2-dertved protein 
was expressed as an aggregate that remained Insoluble under conditions that solublllze most E. coll 
S5 proteins. As a result the Insoluble, aggregated IL2-dertved protein can be highly purified by rapid and 
simple extraction and centrffugation steps. Many products, are known to aggregate In a relativeiy Insoluble 
form following high level expression In E ^ (see Marston (1986) Blochem. J. 240. 1-12). 

Following induction of iL2-derived protein expression in E coli, the cellFwere collected by centrifuga- 
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ti n. suspended in buffer TE (10 mM Tris HCI. pH 7.6. 0.1 mM EDTA). and again pelleted by centrifugation 
and suspended in buffer TE. The E.< coli ceils were lysed by sonicatlon (three 10 second pulses) and the 
cell iysate was centrifuged (27.000 x g, 30 minutes). Following centrifugation. the pellet of sonicated 
bacteria was extracted with 50% acetic acid or 80% acetic acid plus 10% methanol. After stining for 30 min 

5 at ambient temperature, the suspension was centrifuged at 10.000 RPM (SS34 rotor, Sorvail) for 10 min. 
The supernatant was diluted 3-fold with 0.1% trifluoroacetic acid (TFA) in water and filtered through a 0.8 
micron filter (Coming). The filtrate was loaded directly on 1 x 25 cm Ultrapore RPSC reverse-phase column 
(Beckman). The column was developed with a linear gradient of increasing acetonitrile concentration in 
0.1% TFA. The L-IL2 eluted at 40-45% acetonitrile, in contrast to the normal elution of E coli-expressed 

TO human IL2, which elutes at 52-56% acetonitrile. The material In the HPLC peak was concentrated 2-fold 
under a stream of nitrogen. On SDS-polyacrylamide gel electrophoresis L-1L2 appeared to be pure. Glucose 
was added to a concentration of 0.3 M and the solution was dialyzed for 10 hours against 0.3 M glucose. 
The L-IL2 was activated by heating at 65* C for 2 hours followed by rapid cooling in an Ice bath. The 
solution was filtered through a 0.22 micron filter. 



75 



20 



Example 3 



TCGF Activity of E coli-expressed IL2-derived Proteins 



The TCGF bioactivity of IL2 was measured using the murine cytolytic T-cell line CnrLL-2 (Qillls and 
25 Smith (1977) Nature 268, 154-156). These cells grow only In the presence of IL2. and their growth is 
directiy proportonaTtolie IL2 activity in ttie cultures. The overnight growtti of CTLL cells in the presence of 
varying amounts of IL2 can be measured by either the uptake of [methyPH]thymidine (Gillls et al. (1978) J. 
Immunol. 120, 2027-2032) or by the cells' ability to metabolize the dye MTT (l^osman (1983)J. Immunol. 
Meth. 65. 55)1 Typically, 20.000 CTa-2 cells are plated in 96-well mlcrotiter plates In medium either lacking 
30 liJorwntaining serially diluted concentrations of a standardized IL2 preparation. One unit of TCGF activity 
was defined as tiie reciprocal of the dilution that yielded half-maximal incorporation of [methyl-^Hlttiymldlne 
or optical density change of MTT. Unknown IL2 preparations are measured against a standard cun/e of 
standard IL2 on a logit plot (Robb (1982) Immunobiol. 161 , 21-50). Table 2 shows the IL2 TCGF bioactivity 
of cmde and HPLC-purified E coli-expressed r-ILZ t-IL2, fHL2. and L-IL2. 



35 
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TAELE 2 

TCGF Activity f 1L2-Derived Proteins 

Crude Ej. eoli Purified Protein 
Sample Lysates 

(units/ml) (units/ma^ 

r-lL2 30.873 110.526 

(pTrpE- IL2) 

t-lL2 0 ND 

(pTrpGt) 

fl-IL2 43.890 ND 

(pTrpGCl) 

L-1L2 23.366 122.222 

(pTcpGK) 

Negative Control 0 ND 

(pTcp36-trp) 



Induced eoli containing the plasmid indicated in 
parentheses were lysed by sonication in bu££er T£ and 
the cell lysate was centri£uged. The crude E^ eoli 
lysate supernatant was diluted in TE containing O.Olt 
SDS prior to TCGF assay. lL2-derived proteins were 
also assayed following HPLC purification. TCGF 
activity was determined in the CTLL assay by logit 
analysis using purified Jur)cat (mammalian) IL2 as the 
standard. 

As shown in Table 2. the TCFG activity of fl-IL2 and L-IL2 Is essentially the same as that for r-IL2. 
These results show that substitiition of Leu 132 with Qly, as in fWL2, or the 14 aa C-termlnal extension in L- 
IL2 do not alter the TCFQ activity of the molecule. In contrast deletion of 15 C-termlnai aa residues from 
IL2, as in t-IL2. results In total loss of TCGF activity. Thus, although the C-terminal residues are critical for 
TCGF activity, It Is here demonstrated that the addition of aa residues to the C-termlnus of IL2 does not 
impair TCGF activity. 

Example 4 



112-Oependent Enhancement of Natural >qiier Cell Activity In Human Peripheral Blood Lymphocytes 

Circulating normal lymphocytes exhibit ttie abiOty to WII certain cultured tumor cell lines (Hertjerman 
and OraWo (1981) Science 214 , 24). This ability is markedly enhanced following overnight Incubation with 
IL2 (Trlnchlerl et al. (1984) J. Bcp. Med. 160. 1147-1169). 

Non-edherent human periphefirBiboa"lymphocytes were obtained after Rcoll-Hypaque centrifugation 
and plastic adherence, using procedures described (Boyum, A. (1968) Scand. J. Oln. Lab, invest 21^ - 
(Suppi. 97): 77-89). These lymphocytes were used as effector ceils In a short-term (4 hoIirp'[Cr] release 
assay against K562 ryttiroieukemla cells (ATCC #Ca-243) which had been lab led witti sodium '»[CrL 
using procedures described (Muul et al. (1988) J. Immuno. Mettiods 88. 265). 
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The effector cells were incubated for approximately 18 hours in the presence of different IL2 
preparations. Table 3 shows the results of these experiments indicating that L-IL2 possesses the ability to 
enhance NK activity. E. coli containing the appropriate plasmid were induced for expression of the indicated 
protein. Following ind"d5S"n, E. coli cells were lysed by sonication and the cell lysate was centnfuged 
(27.000 X g. 30 minutes). The resultant supematant was diluted as indicated in Table 3 in buffer TE 
containing 0.01% SDS. 

TABLE 3 



10 



IS 



20 



25 



30 



35 



Generation of NK Cell Activity by IL2-Derived Proteins 


Activator(l) 


Dilution 


Effector to Target Cell 
Ratlo(2) 


60 


20 


7 


2 


No activator 




28 


10 


3 


1 


fHL2 


15.000 


78 


50 


13 


4 




45.000 


80 


49 


16 


4 




135.000 


73 


42 


12 


4 




405.000 


67 


36 


10 


4 


L-IL2 


15,000 


80 


46 


13 


5 




45.000 


70 


29 


9 


8 




135,000 


58 


26 


7 


7 




405,000 


50 


24 


9 


5 


r-IL2 


15,000 


85 


60 


20 


7 




45,000 


76 


61 


19 


8 




135.000 


79 


49 


15 


6 




405.000 


65 


37 


13 


8 


E coli Extract 


15,000 


60 


30 


12 


7 



\tf 11^ I WW! i.*lW«W%,-,MW w— — 

bioassay) were 9.1 00 units/ml (fl-IL2). 1 7.000 units/ml (L-IL2) and 1 4.500 
units/ml (r-IL2). Sonicated bacterial lysates were diluted in buffer TE contai 
Ing 0.01% SOS. 

(2) 5'[Crl-labeled K562 cells were used as targets; data are presented as 
percent of ^ ^Cr] released. 



40 



Example 5 



45 



SO 



Generation of Lymphotdne-Activated Killer (LAK) Cell Activity in Human Peripheral Blood Lymphocytes 

Human peripheral blood lymphocytes wer« obtained by Rcoll-Hypaque centrtfugation (Boyum. op. dL) 
and Incubated in the presence of 10 TCQF unltsMil of r-lL2, L-IL2 or B-L-ILZ (see Example 8 below), for 3 
to 4 days- LAK cell cytotoxicity of the cultured cells was measured using ^'[CrHabeled Oaudi cells (ATCC 
#CCL-213) as target In a 4^our assay. L-IL2 and B-L-IL2. just as native IL2, are capable of Inducing LAK 
acthrfty In human peripheral biood lymphocytes following exposure of these cells to IL2 for 3 days (Table 
4). Similar results were obtained using Ra|i cells (ATCC #CCl-86) as targets (not shown). 



56 
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TABLE 4 



Generation of LAK Cell Activity by IL2-0erived 
Proteins 


Lymphokine 


Ratio of Effector Cell to Target 
Cell(1) 


SO 


20 


8 


3 


1 


r-lL2(2) 


56 


29 


17 


5 


2 


L-IL2(2) 


52 


50 


25 


12 


5 


B-L-IL2 


56 


33 


13 


5 


0 



(1) Target cell is ^^[Crplabeled Oaudi cells; data Is presented as percent 
of total ^^[Cr] released. 

(2) 10 unit/ml E. coli-expressed IL2 purified by HPLC as described in text 



20 Exampte6 



Biotinyiation of L-IL2 and r-IL2 

25 

Purified L-1L2 and r-ll^ were derivatized with the blotinylating reagent biotin-SP-NHS (Jackson Im- 
munoResearch). Reactions were conducted in 0.1 M NaHCOa. The biotin reagent was dissolved In dimethyl 
formamlde (DMF) and added to the aqueous L-IL2 solution to a final DMF concentration not to exceed 10%. 

30 The n^ixture was agitated for 1 hour at ambient temperature (approximately 25* C). Residual biotin-SP-NHS 
reactivity was quenched by the addition of 1/5 volume of 0.1 M glycine or ethanolamine. and the mixture 
was agitated for a further 30 min. The reaction was dtalyzed against saiine containing 0.3 M glucose using 
membranes with a 6000 daiton exclusion at 4*C. L-IL2 biotinylated in this manner is designated B-L-IL2; r- 
IL2 biotinylated in the manner Is designated B-IL2. 

35 B-LML2 and B-IL2 retain biological activity in the TCGF CTLL-2 bloassay (Table 5). Biotinyiation was 
carried out at differing molar ratios of biotin to L-IL2 or r-IL2. As shown In Table 5. biological activity is 
reduced by excessive biotinyiation and optimai bioacttvity is found at biotin to IL2 molar ratios of 5 to 20. As 
shown in Table 5. WL2 retains greater TCGF activity ttian r-IL2 following reaction with biotin-SP-NHS. This 
result is consistent with the preferential reaction of biotin-SP-NHS witti Lys residues in the C-terminal 

40 extension of L-1L2. 

TABLES 



TCGF Activity if Biotinylated L-tL2 and r-IL2 




Molar Ratio of Blotin-SP-NHS to 








1L2 








0 


5 


10 


20 


40 


B-IL2 


10 


4.7 


6.3 


6.2 


5.0 


B-L-IL2 


NO 


8.1 


a4 


9.7 


5.6 



(1) TCGF activity (untta/ml) of B-L-IL2 and B-1L2 was measured in tiie 
CTU. bloassay. Aliquots (50 ug) of purified r-IL2 and L-IL2 were 
reacted witti blotin-SP-NHS at tiie Indicated molar ratios. Reaction 
products were titered agains a 10 untts/ml unrsacted r-IL2 standard by 
logit analysts. NO « not done. 
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B-L-IL2 was shown to retain essentially lull ability to generate LAK cell activity. The specific activity of 
' B-L-IL2 in this assay was similar to that of L-IL2 and r-IL2. See Table 4. Example 5. 

B-L-IL2 and B-1L2 were shown to bind to 1L2-R on HUT-102 cells. Following incubation with B-L-IL2 or 
B-ll-2 at 4* C for 30 minutes and washing, the HLTT-loa cells were incubated further for 30 minutes in the 
5 presence of streptavidin (StAV) bearing fluorescein (StAV-FITC) (Sigma) and analyzed in a Spectrum 111 flow 
cytometer. Cells becam strongly fluorescent only in the presenc of B-L-IL2 or B-IL2 (data not shown), 
indicating the bifunctionality of the biotinylated 1L2 (Table 6). In addition, this binding was specific for the 
cellular 1L2-R. since it could be inhibited by preincubation of the cells for 30 minutes with excess IL2 (100 
units/ml) or anti-Tac antibody (ascites diluted 1:2000). B-L-IL2 generated under low biotin to L-IU molar 
10 ratios exhibited better specificity. I.e.. ability of binding to be competed by IL2 or antl-Tac antibody. 



TABLE 6 



Simultaneous Binding of B-L-IL2 to Streptavidin-FITC and 
IL2-R on HUT-102 Cells^ 




Molar Ratio of biotin-SP-NHS to IL2 


0 


10 


20 


40 


80 


160 


B-L-IL2 


No competition 


18 


70 


75 


58 


60 


20 


IL2 competition 


15 


31 


41 


27 


24 


19 


antl-Tac competition 


17 


23 


30 


26 


22 


17 



(1) Data are presented as percent of fluorescertt cells, i.e., percent of cells 
labeled with RTC. 



These results demonstrate tiie bifunctionality of B-L-IL2. B-L-iL2 can simultaneously bind cellular IL2-R 
on HUT-102 cells and streptavidin (StAv) bearing fluorescein (StAv-RTC). Similar specific bifunctional 
binding to other IL2-R bearing cells (e.g.. PHA blasts. CTLL-2) has also been observed (data not shown). 

As shown in Table 7. B-L-tL2 appears to bind more efficientiy to IL2-R-bearing HUT-102 cells than does 
B-iL2. This result indicates that the Lys-rich Oterminai tail present in L-tL2 facilitates the derivatization of 
IL2 in an active conformation. B-IL2 and B-L-IL2 were generated by the reaction of either IL2 or L-IL2. 
respectively, witti biotin-SP-NHS. at biotin:lL2 moie :!io of 5. then compared for ability to bind simulta- 
neously Streptavidin-FITC and IL2-R on HUT-102 cells. B-IL2 and B-L-IL2 were incubated at various 
concentrations with 200,000 HUT cells and 20 ug/ml streptavidin-FITC in 96-well dishes. The percent of 
fluorescent cells was determined by flow cytometry, as described above. Results are shown in Table 7. 



TABLET 

40 



Simultaneous Binding of B-IL2 and B-L-IL2 to 


Streptavidin-FITG and IL2-R on HUT-102 






Cells(l)] 










-log Concentration ug/ml 




1 


1.5 


2 




3 


3.5 


B-IL2 


98 


94 


86 


38 


24 


7 


B-L-IL2 


99 


98 


97 


87 


68 


15 



(1 ) Data are presented as percent fluorescent cells. 

(2) Preincubation of cells for 30 minutes with either IL2 (100 unlts/ml) or 
anti Tac antibody (ascites diluted 1:2000) prior to adding 8-L-IL2 at 0.1 
ug/ml reduced the % fluorescent cells to about 10. 



Example 7 
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Biological Activity of immobilized E. coli*Expressed 1L2-Derlved Proteins 

5 

Earlier attempts by the present Inventors to immobilize bioactive IL2 were unsuccessful. Effort to do this 
by passive adsorption to polystyrene or anchoring with anti-lL2 antibody resulted in reversible attachment. 
Chemical derivatization of 11-2 generally caused the loss of biological activity. 

10 Polystyrene culture dish surfaces were covaiently coated with StAv using the carboditmide coupling 
reagent l-ethyl-3-(3-dlmethylaminopropyi)carbodiimide-HCI (COO. The bottom surface of the dishes (petri 
dishes. 24- or 96-weli culture plates (Costar)) was activated by treatment with 1 mg/mi CDI in 0.1 M sodium 
acetate buffer, pH 4.8 or 0.2 MES buffer (Sigma), pH 5.5 for 30 min at 37* C. After rinsing with acetate 
buffer, StAv (Sigma) was added at different concentrations (see Table 8) for 18 h. Unbound StAv was 

75 washed repeatedly and residuaJ reactivity of the plastic was quenched by adding glycine or ethanolamine 
(0.1 M. 30 min, 37' C), followed by 1 mg/ml bovine serum albumin (BSA) (2 to 16 h. ambient room 
temperature). The vessel was washed 3 times with Hank's balanced salt solution (HBSS) containing 2% 
fetal calf serum (FCS), B-L-IL2 or B-iL2 (see Example 6) was added at 0.1 ug/mm^ and allowed to bind at 
4' C for 30 minutes. The wells were washed with 0.2 M sodium citrate buffer, pH 2.5. containing 1 M IviaCI. 

20 This step was quickly repeated 3 times and followed by 10 washes with HBSS/FCS. 

CTUL-2 ceils were plated in 96^ell microtiter dishes covaiently coated with StAv and loaded with B-L- 
11^ or B-IL2. The overnight IL2 bloactivlty was measured in the CTLL-2 assay and compared with a 
standard titration series using soluble 1L2. The results are shown In Table a 



TABLES 



TCGF Activity of Immobilized B-IL2 AND 
B-L-IL2^> 




ug StAv/mm* 


0.1 


0.33 


1 


3.3 


im. B-ll^ 
Im. B-L-IL2 


0.007 
0.045 


0.079 
0.069 


0.098 
0.067 


0.074 
0.076 



(1) Data are presented as "equivalent units/ml", i.e.. the concentration of 
soluble \12 which provides equal activity. 



As shown in Table 8, immobilized IL2 of this invention generated low but measurable TCGF activity. No 
40 unbound IL2 was detected in the wells following the coating process (data not shown). This finding is In 
contrast with the proposed mechanism of IL2«mediated signal transduction requiring receptor-llgand 
internalization following binding. B-WL2 was slightly more effective as an immobilized stimulator of CTLL-2 
growth ttian B-1L2, once more suggesting less destructive biotinylation and/or better presentation on the 
coated surface. 

45 Immobilized IL2 of this invention also functions in the generation of LAK cells, as shown in Table 9. 
Human peripheral btood lymphocytes isolated by Ficoll-Hypaque fractionation were cultured for 3 days at 
37* C In 24 well dishes coated as described above with immobilized B-IL2 or B-mU prepared as described 
for Table 7. or In wells containing soluble r-tL2 at 10 TCGF unlts/mL Cytolytic activity was measured against 
'*[Cr]-labeIed Daudi target cells at various effector cell to target cell ratios. Lymphokine-activated-killer 

60 (LAK) activity was detectable in tills system using the Immobilized IL2 as shown in Table 9. 
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TABLE 9 



Generation of LAK Celis by Immobiliz d 
B-1L2 and B-L-IL2<^' 




EffectorTarget Ratio 


40 


20 


20 


2 


Soluble \12 


70 


57 


37 


21 


Im. B-iL2 


35 


20 


12 


7 


Inn. B-L-IL2 


23 


21 


13 


5 



(1) Data are presented as % ^^[Cr] release. 



It appears that IL2 need not be internalized following binding to the IL2-R on the cell surface in order to 
stimulate T-cell proliferation or mediate the production of LAK cells. 



Claims 

I. Polypeptide having substantially the amino add sequence of human IL2, Immobilized on a solid 
support, and having the ability to bind an 1L2 receptor, to stimulate proliferation or growth of T cells, and 
generate LAK cells. 

Z Composition of Claim 1 wherein the polypeptide consists essentially of a segment having substan- 
tially the amino acid sequence of human IL2 and a carboxyHenminai fused peptide extension. 

3. Composition of Claim 2 wherein tiie fused peptide extension contains lysine. 

4. Composition of Claim 1 wherein a lysine of tiie polypeptide is attached to biotin. tfie support is 
attached to avidin or streptavidin, and tine polypeptide is immobilized on the support through binding of 
biotin to avidin or streptavidin. 

5. Composition of Claim 3 wherein a lysine of tire polypeptide is attached to biotin, ttie support is 
attached to avidin or streptavidin. and tiie polypeptide is immobilized on the support tiirough binding of 
biotin to avidin or streptavidin. 

6. Composition of Claim 3 wherein the carboxyl-terminai fused peptide extension contains at least 2 
lysine residues and the peptide is at least 10 mole percent lysine. 

7. Composition of Claim 5 wherein tiie cartJOxyMermlnal fused peptide extension contains at least 2 
lysine residues and the peptide is at least 10 mote percent lysine. 

8. Composition of Claim 6 wherein at least two lysine residues in tiie extension are adjacent. 

9. Composition of Claim 7 wherein at least two lysine residues in the extension are adjacent 

10. Composition of Claim 8 wherein ttie extension contains at least 4 lysine residues and the peptide Is 
at least 20 mole percent lysine. 

II. Composition of Claim 9 wherein the extension contains at least 4 lysine residues and the peptide Is 

at least 20 mole percent lysine. 

12. Composition of Claim 10 wherein the 1L2 segment of the polypeptide conesponds to human IL2 
except that leucine at position 132 Is replaced by glycine, and wherein the cartJoxyRenninai fused peptide 
extension is QQQKKDKKDKKDLE 

13. Composition of Claim 11 wherein the IL2 segment erf ttie polypeptide corresponds to human 1L2 
except that leucine at position 132 Is replaced by glycine, and wherein ttie cartwxyKemninal fused peptide 
extension is QGQKKDKKDKKOLE 

14. Composition of Claim 2 wherein the fused peptide extension contains an epitope, the support is 
attached to an antibody to the epitope, and ttie polypeptide Is Immobilized on tiie support through binding 
of the antibody to the epitope. 

15. MettK)d of capturing human cells having IL2 receptors which comprises contacting the cells with a 
composition of Claim 1. 

18. Mettiod of augmenting NK activity or generating LAK celle which comprises contacting human 
lymphocytes with a composition of Claim 1. 

17. MettKxl of stimulating proliferation or growtti of T cells which comprises contacting human T 
lymphocytes with a composition of Claim 1. 
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18. Method of treatment of a patient with cancer or immunodeficlent condrtion which comprises 
contacting ex vivo blood, blood fraction or lymph from the patient with a composition of Claim 1 to capture 
active 1L2-R bearing lymphocytes, further activating and numerically expanding the cells by contact with an 
activating amount of a lymphokine. and reinfusing the cells into the patient. 

s 19. in the method of treatment of a patient with cancer or immunodefici nt condition by administration 
of IL2. the improvement which comprises contacting ex vivo blood or lymph from the patient with a 
composition of Claim 1 to remove soluble IL2-R therefrom and retuming the blood or lymph to the patient. 

20. Method of Claim 16 wherein the lymphocytes are contacted wtth the immobilized polypeptide on- 
line and returned to the patient 

10 21. Polypeptide consisting essentially of a segment having substantially the amino acid sequence of 
human IL2 and a carboxyl-terminal fused peptide extension, and having the ability to bind an IL2 receptor, 
stimulate proliferation or growth of T cells, and generate LAK cells. 

22. Polypeptide of Claim 21 wherein the fused peptide extension contains aspartic and/or glutamic acid. 

23. Polypeptide of Claim 21 wherein the peptide extension contains lysine. 

75 24. Polypeptide of Claim 23 wherein the fused peptide tail contains aspartic and/or glutamic acid. 

25. Polypeptide of Claim 24 wherein the peptide extension contains at least 2 lysine residues and the 
peptide extension is at least 10 mole percent lysine. 

26. Polypeptide of Gaim 25 wherein at least two lysine residues in the extension are adjacent 

27. Polypeptide of Claim 26 wherein the extension contains at least 4 lysine residues and the extension 
20 is at least 20 mole percent lysine. 

2a Polypeptide of Claim 27 which corresponds to human 1L2, except that leucine at posWon 132 Is 
replaced by glycine, and wherein the extension is GGGKKDKKDKKDLE. 

29. Polypeptide of Claim 21 conjugated to a molecule selected from carrier proteins, antibodies, toxins, 
haptens, hormones, enzymes, drugs, component of a non-immune binding pair, metal chelating agent. 

25 photoactive/photoreactlve compounds. 

30. Polypeptide of Claim 23 conjugated through lysine to biotin, the reaction mote ratio of biotin to 
polypeptide being In the range of about 5 to 60. 

31. Biotinylated human IL2 having substantially the biological activity of native human IL2, the mole ratio 
of biotin to polypeptide being in the range of about 5 to 20. 
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